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Abstract

Articular cartilage injuries of the knee and ankle are common, and a number of different methods have been developed in 
an attempt to improve their repair. Clinically, there are 2 distinct aims of cartilage repair: 1) restoration of joint function and 2) 
prevention or at least delay of the onset of osteoarthritis. These goals can potentially be achieved through replacement 
of damaged or lost articular cartilage with tissue capable of functioning under normal physiological environments for an 
extended period, but limitations of the final repair product have long been recognized and still exist today. Screening of 
potential procedures for human clinical use is done by preclinical studies using animal models. This article reviews equine 
chondral defect models that have been recently recognized to have specific advantages for translation into human articular 
cartilage regeneration. Defect models in the femoropatellar, femorotibial, and tibiotalar joints have been developed. The 
horse provides the closest approximation to humans in terms of articular cartilage and subchondral bone thickness, and it 
is possible to selectively leave the entire calcified cartilage layer or completely remove it. The defect on the equine medial 
femoral condyle emulates medial femoral condylar lesions in humans. Other advantages of the equine model include an 
ability to use an arthroscope to create lesions and perform second-look arthroscopies, the large lesion size allowing for 
more tissue for evaluation, and the ability to have controlled exercise and test the ability of the repair to cope with athletic 
exercise as well as institute rehabilitation regimens.
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Introduction

Articular cartilage injuries of the knee are common, and a 
number of different methods have been developed recently 
in an attempt to improve this repair. In one review of 
31,516 knee arthroscopies, 53,569 hyaline cartilage lesions 
were documented in 19,827 patients.1 From a clinical point 
of view, there are 2 distinct goals of cartilage repair: 1) 
restoration of joint function (which includes pain relief) and 2) 
prevention or at least delay of the onset of osteoarthritis.2 
These goals can be potentially achieved through replace-
ment of damaged or lost articular cartilage with a substance 
capable of functioning under normal physiological environ-
ments for an extended period, but the limitations of this 
repair process have long been recognized.3-6 Regeneration 
is not achieved. Methods of assessing putative repair tech-
niques have not been developed in vitro, and therefore, 
screening of potential procedures for human clinical use is 
done by preclinical studies using animal models of articular 
cartilage defects.7

It has been stated that the key issue in the selection of 
the appropriate model is to match the model to the 

question being investigated and the hypothesis being 
tested.2 The research must consider which animal 
model(s) most accurately represent(s) the human condi-
tion being investigated and to what extent might results 
obtained from these models be extrapolated to humans.8 
The obvious questions with regard to joint and cartilage 
repair are the following: 1) Which animal model(s) most 
accurately represent(s) the critical chondral defect in 
humans? and 2) To what extent can preclinical research 
results in this model be extrapolated to humans?9 Articular 
cartilage lesions encountered within the human joint typically 
arise as a consequence of trauma (usually a sports injury) or 
during the course of diseases such as osteoarthritis and 
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Figure 1. Photomicrographs of repair tissue in full-thickness 
articular cartilage defects in equine radial carpal bones at 4 
months (A) and at 12 months (B). There is a mixture of fibrous 
(superficial) and fibrocartilagenous (deeper) tissue in the defect.

osteochondritis dissecans, and it is common for them not 
to encroach significantly beyond the cartilage-bone 
interface into the subchondral bone compartment.8 
Repair strategies should focus on reestablishing the artic-
ular cartilage compartment rather than the bony one, but 
it is recognized that augmentation of bone is sometimes 
necessary. This article reviews equine chondral defect 
models that have been recently recognized to have spe-
cific advantages for translation into human articular carti-
lage resurfacing.8,10-26

Early Models of Cartilage 
Repair: Carpus
Articular Defects in the Carpus

Early studies of cartilage repair in the horse most commonly 
involved surgically created defects in the carpus.27-36 The 
carpus is a frequent site of articular cartilage injury in race 
horses, and therefore, a large body of literature regarding 
cartilage injury at this site is available to provide clinical 
relevance to the research finding. The carpus is the ana-
tomic equivalent to the human carpus.

Creation of articular defects (superficial and full thick-
ness) in the carpus was first described by Riddle.27 Although 
the study did not define how partial-thickness versus full-
thickness defects were created, the conclusion was made 
that all defects should be made full thickness to allow opti-
mal healing. A second study was described by Grant28 in 
which it concluded healing at 4 months was as good as that 
after 12 months. Hurtig et al. suggested that synovial adhe-
sions and reactive perichondrium interfered with healing at 
the cranial rim of the third carpal bone.29 A useful finding of 
Hurtig et al. was that small 5-mm2 lesions healed, whereas 
15-mm2 lesions did not.29 Studies by Barr et al. terminated 
too early (16 weeks) to make any conclusions.30,31 Histologic 
and biochemical content of repair tissue in full thickness 
defects in the equine radial carpal bone at 4 months and at 
12 months has been reported32,33 (Figure 1). Circular defects 
on the third carpal bone were used to evaluate subchondral 
bone drilling.32-36 These studies demonstrated generally 
good healing of defects penetrating the subchondral bone 
plate,34-36 but instances of subchondral bone resorption and 
cystic lesion formation were seen in some defects. Although 
these studies provided useful information on the potential 
of periosteal grafts and sternal cartilage autografts in the 
repair of defects, the variability of healing in this location, 
the relative thinness of cartilage, and the lack of a normal 
rim of cartilage along the dorsal aspect of the joint have 
been recognized as disadvantages. If defects are made in a 
more palmar location with complete articular cartilage rims, 
this model could still be considered appropriate in certain 
instances.

Recent Equine Models 
of Cartilage Repair

Currently, the joints of horses with anatomic equivalence to 
the human knee and ankle are used for cartilage repair studies. 
In domestic animals, the femoropatellar and femorotibial 
joints are collectively known as the stifle and are the ana-
tomic equivalent of the human knee. Equine models for 
cartilage repair have been performed using the medial 
femoral condyle (MFC), the lateral trochlear ridge (LTR) 
of the femur, and the medial trochlear ridge (MTR) of the 
femur. The tibiotalar joint is potentially useful when inves-
tigating specific repair procedures with indications related 
to the ankle joint of humans. In domestic animals, the ankle 
joint is also called the hock.

Thickness of Cartilage and 
Subchondral Bone in the Stifle
Compared to other animal models, articular cartilage thick-
ness in the stifle of horses most closely approximates that 
of the human knee.37 Histological measurements of the 
thickness of noncalcified and calcified cartilage, as well as 
the subchondral bone plate, were made in 3 locations on the 
femoral trochlea and 2 locations on the MFCs of the species 
used in preclinical studies of articular cartilage and com-
pared to those of the human knee. Cadaveric specimens 
were obtained from the human, horse, goat, dog, sheep, and 
rabbit. Specimens were taken from 5 locations as illustrated 
in Figure 2, and the thickness of noncalcified and calcified 
cartilage layers, as well as the subchondral bone plate, was 
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measured. Average articular cartilage thickness over 5 
locations was 2.2 to 2.5 mm for human, 0.3 mm for rabbit, 
0.4 to 0.5 mm for sheep, 0.6 to 1.3 mm for dog, 0.7 to 1.5 
mm for goat, and 1.5 to 2.0 mm for horse. It was considered 
that the horse provided the closest approximation to 
humans in terms of articular cartilage thickness and sub-
chondral bone thickness, both of which were considered 
relevant to preclinical studies of cartilage healing. Individual 
measurements for noncalcified cartilage, calcified carti-
lage, and subchondral bone plate are presented in Figure 3. 
Similar data are not presently available for comparison of 
the human and equine ankle joints.

Critical Size Defects in the Stifle
The first study that documented critical size defects in the 
MFC was performed by Convery et al.38 Defects of 3 sizes 
(9, 15, and 21 mm in diameter) were made in the center of 
the weightbearing surface of the MFC. In addition, a 3-mm 
defect was placed immediately above the large defect (non-
weightbearing area). The subchondral plate in all of the 
defects was completely removed to expose the underlying 
cancellous bone. The animals were sacrificed after 3, 6, and 
9 months, and it was found that the 3-mm defects were com-
pletely repaired after 3 months and were extremely difficult 

to locate after 9 months. Conversely, none of the defects 
9 mm or greater had completely repaired. This study set the 
precedent that critical-sized defects in the equine MFC 
were a minimum of 9 mm in diameter.

Critical-sized defects of the LTR were determined by 
Hurtig et al. in which large (15 mm2) and small (5 mm2) 
full-thickness defects were created at the junction of the 
LTR and trochlear groove (in an area contacted by the 
patella) of the patellofemoral joint and also on the axial side 
of the trochlear ridge in an area not contacted by the 
patella.29 The horses were euthanized at 1, 2.5, 4, 5, and 9 
months. Structural repair had occurred in most small defects 
at the end of 9 months by a combination of matrix flow and 
extrinsic repair mechanisms. Statistically better healing 
occurred in small weightbearing lesions compared to large 
weightbearing or nonweightbearing lesions. This study not 
only suggested that 5-mm-diameter lesions are not large 
enough to be considered as critical defects, but it also high-
lights the importance of understanding how location of a 
defect, even within a particular joint, can influence cartilage 
healing and repair, and this should be carefully considered 
during study design. Based on the combined results of the 
studies investigating spontaneous cartilage repair, 9 mm 
remains the target size to achieve a critical-sized defect in 
any location in the stifle.

Figure 2. Location of collection sites for osteochondral blocks to measure articular cartilage (noncalcified and calcified layers) and 
subchondral bone thickness in human and animal specimens. The numbers 1 to 5 represent collection sites for articular cartilage 
thickness, with 1 and 3 being the upper and lower medial femoral trochlear ridge and 2 being the lateral femoral trochlear ridge; 4 and 5 
are 2 locations on the weightbearing area of the medial femoral condyle. Reproduced with permission from Frisbie et al.37
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Figure 3. Plot of thickness for (A) noncalcified cartilage, 
(B) calcified cartilage, and (C) subchondral bone plate between 
species. Different letters indicate statistical differences between 
bars. PMT = proximal medial trochlea; LT = lateral trochlea; 
DMT = distal medial trochlea; PMC = proximal medial condyle; 
DMC = distal medial condyle. Reproduced with permission from 
Frisbie et al.37

Femoral Condyle (Weightbearing) Defects 
and Their Validation

This MFC model was initially developed to evaluate the effect 
of subchondral bone microfracture on articular cartilage 

Figure 4. Gross pathological comparison (A) and histopathological 
comparison (B) at 12 months between microfractured full-
thickness cartilage defects and control full-thickness articular 
cartilage defects. Reproduced with permission from Frisbie et al.11

repair.11 It has since been used to look at early events in 
cartilage repair after subchondral bone microfracture13 as 
well as the effect of removal or retention of calcified carti-
lage18 and the value of augmentive gene therapy on the 
repair of full-thickness defects treated with microfracture.39

Initial work creating the model involved debriding 
cadaveric condyles under arthroscopic visualization and 
following up with a histological examination to confirm the 
depth of debridement through calcified cartilage and 
through subchondral bone plate, respectively.11 An instru-
ment to evaluate depth was developed, and the difference 
between the arthroscopic appearances of a defect with cal-
cified cartilage retained versus removed was defined. The 
initial in vivo study involved creating 1-cm2 defects to a 
depth to include the calcified cartilage on the central weight-
bearing portion of the MFC under arthroscopic visualiza-
tion. Square lesions were considered to be easier to create 
than circular defects with this arthroscopic technique. A tre-
phine is not required, the outline of the square is curetted 
using a measuring device to ensure accuracy of dimensions, 
and curetting follows the bone contour. This avoids the 
potential of having variable depth into the subchondral 
bone that will happen using a trephine on a curved surface.

On gross and histological examination, a greater volume 
of repair tissue filled treated defects compared with control 
defects (Fig. 4). No difference in the relative amount of tis-
sue types was observed (Fig. 4). This model was also used 
to evaluate temporal healing of articular cartilage after 
microfracture.13 In a third study using 1-cm2 defects on the 
MFC, marked differences were observed in the quality of 
repair, as well as the integration of the repair tissue, when 
calcified cartilage was removed compared to calcified carti-
lage being retained18 (Fig. 5). Most recently, another study 
has been done with this model, which demonstrated the 
value of gene therapy with adenoviral interleukin-1 recep-
tor antagonist/insulin-like growth factor-I (IL-1ra/IGF-I) 
administration.39

In all these cases, the treatment has immediately fol-
lowed the creation of the defects. It raises the question that 
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Figure 6. Macroscopic appearance and fast spin echo (FSE) MRI 
images of bone marrow aspirate concentrate (BMAC)–treated 
(left column) and microfracture-treated (right column) cartilage 
defects at 8 months after surgery. Macroscopic photomicrographs 
(A, B) and axial plane osteochondral sections (C, D) were used 
to generate an International Cartilage Repair Society (ICRS) 
macroscopic assessment score. Quantitative repair tissue 
evaluation was accomplished through MRI analysis of FSE images 
obtained in axial (E, F) and sagittal planes (G, H). Reproduced 
with permission from Fortier et al.23

Figure 7. Creation of a 15-mm full-thickness cartilage defect on the 
lateral trochlear ridge of the femur through an arthroscopic approach.

Figure 5. Histological comparison of articular defects that had 
been microfractured but in which calcified cartilage has been 
removed (A) and retained (B). Arrows indicate good integration 
and tidemark reformation (A), and arrows indicate poor 
attachment to (original) calcified cartilage (B). Reproduced with 
permission from Frisbie et al.18

a more appropriate model may be to create a defect and 
leave it some time before applying the treatment. 
However, the realities of the Institutional Animal Care and 
Use Committee (IACUC) wishing that only one invasive 
surgery be performed on a horse dictate immediate applica-
tion of the repair process. A recent exception to this is a 
study just completed with the MFC model in which the 
defects were created and microfractured, and the treatment 
was intra-articular injection of mesenchymal stem cells 
4 weeks after defect creation (McIlwraith et al., unpublished 
observations).

Models of Articular Cartilage Repair in the 
Equine Femoral Trochlea LTR
Use of the LTR in the horse as a model of articular cartilage 
repair was developed by Alan Nixon. This model was first 
reported as a 12-mm-diameter defect in 199410 and a modi-
fied 15-mm defect creation reported in 1995 by Sams and 
Nixon.24 This latter model has been reported in a number of 
studies.12,14,15,21,23,25,26,40 Defects of 12 or 15 mm in diameter 
were created to allow for macroscopic, magnetic resonance 
imaging (MRI), biochemical, molecular, histological, and 
biomechanical evaluations of repair tissue (Fig. 6). This 
model involves creation of an arthroscopic portal approxi-
mately 3 cm distal to the apex of the patella and into the 
joint between the middle and lateral patellar ligaments to 
locate the central aspect of the lateral trochlea of the 
femur.24 A modified spade bit 15 mm in diameter is used to 
remove a full-thickness layer of cartilage and calcified car-
tilage (Fig. 7). As with the MFC model, it is possible to 
create defects on the trochlear ridge with calcified cartilage 
retained or removed.

The LTR can also be used to evaluate technologies that 
require suturing of a membrane41 (Fig. 8). A mini-arthrot-
omy (5 cm long) is made between the middle and lateral 
patellar ligaments, the defect is created using a modified 
spade bit, and the defect is repaired. The anatomic configu-
ration of the stifle joint in domestic animals precludes 
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Figure 10. Creation of two 15-mm defects on the medial 
trochlear ridge of the femur through a mini-arthrotomy approach 
(A). Experimental implant using staples (B).

Figure 8. Surgical implant technique using the lateral trochlear 
ridge of the femur exposed by mini-arthrotomy. Illustration 
showing exposure of the trochlear groove and sites for the 2 
defects of the lateral trochlear ridge (A), defect showing full-
thickness penetration with exposed subchondral bone plate (B), 
and partial-thickness defect with retained calcified cartilage (C). 
In this example, both defects had a periosteal flap sutured in place 
(D), and autologous chondrocytes have been injected beneath 
one of the flaps prior to placing the remaining sutures to seal the 
flap (E). Reproduced with permission from Nixon et al.41

Figure 9. Creation of a 10-mm-diameter × 10-mm-deep osteochon-
dral defect on the lateral trochlear ridge of the femur (A), followed 
by implantation of a biphasic scaffold (B). Creation of the defect 
and implantation of the scaffold were both performed under 
arthroscopic guidance.compression bandaging, so larger incisions are more prone 

to postoperative complications such as prolonged drainage 
or dehiscence compared to simple arthroscopy portals.

The lateral trochlea has also recently been used to eval-
uate osteochondral repair.42 Defects 10 mm in diameter 
and 10 mm in depth were created in the LTR to evaluate a 
biphasic construct (Cartilage Repair Device, Kensey Nash 
Corp., Exton, PA) for primary cartilage repair (Fig. 9). This 
study is unique with serial recheck arthroscopies having 
been performed at 4 and 12 months, and the study duration 
is 24 months, which is longer than the other studies (see 
“Study Duration”). The primary reason for the extended 
study duration was to provide long-term evaluation of bone 
regeneration.

Medial Trochlear Ridge
In initial work at Colorado State University (CSU), small 
4-mm defects were created on the MTR of the femur (up to 
5 defects can be created) for gathering of pilot data. The 

MTR was chosen because it was considered to offer increased 
available cartilage area. These studies were short term and 
recognized that a 4-mm defect is less than what is consid-
ered to be critically sized. Presently, creation of two 15-mm 
defects on the MTR of the femur is the standard to test 
cartilage transplantation techniques to ensure that critical 
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Figure 11. Histological photomicrographs of repair tissue at 
18 months for autologous chondrocyte implantation (ACI), CMA 
(collagen matrix alone), and ECD (empty cartilage defect). Arrow 
indicates defect margins with 2x magnification, and each insert shows 
10x magnification. Reproduced with permission from Frisbie et al.19

Figure 12. Arthroscopic views at 4, 8, and 12 months: empty 
defects, polydioxanone-reinforced foam alone (PDS), autologous 
chondrocyte implantation (ACI), and fragments on PDS foam 
(cartilage autograft implantation system). Reproduced with 
permission from Frisbie et al.20

defect size is achieved19,20 (Fig. 10). As mentioned previ-
ously, careful randomization of the defect sites needs to be 
considered a priori in the study design because there is 
variation. For example, we have seen differences between 
proximal and distal defects depending on the exercise regi-
men and time of evaluation.

Most recently, two 15-mm defects on the MTR model 
have been used to evaluate both an autologous chondrocyte 
implantation (ACI) technique19 and an autologous fragment 
transplantation technique (CAIS)20 (Fig. 11). Fifteen-
millimeter chondral defects implanted with the CAIS sys-
tem were compared to the scaffold used in CAIS alone, 
empty defects, or ACI (Fig. 12).

The Tibiotalar Joint
This model has not been extensively used primarily 
because most cartilage repair procedures are aimed toward 

clinical use in the human knee. In one study, 10-mm-diameter 
cartilage defects were created on the distal (nonweightbear-
ing) region of the LTR of the talus in the tibiotalar joint.43 
The tibiotalar joint has also been used to investigate osteo-
chondral defect repair.44 This study demonstrated that 
6.5-mm-diameter defects created on the nonweight-
bearing area of the distal LTR of the talus healed with 
fibrocartilaginous tissue at a faster rate and more com-
pletely than those on the weightbearing proximomedial 
trochlear ridge of the talus. These results emphasize that 
defect location within a joint is a critical consideration in 
study design regardless of the specific joint (stifle or tibio-
talar joint) being used.

Postoperative Care and Exercise
All of the procedures are performed arthroscopically, so 
postoperative care that minimizes costs associated with 
personnel, bandaging, antimicrobials, and nonsteroidal 
anti-inflammatory treatment is simple. The horses are 
confined to a stall for 2 weeks after surgery until the 
sutures are removed. Then, hand walking is commenced 
5 minutes once daily with increasing duration of 5 min-
utes per week until a maximum of 30 minutes daily. Four 
months postoperatively, an exercise regimen of 2 min-
utes’ trot, 2 minutes’ gallop, and 2 minutes’ trot on a 
high-speed treadmill is implemented. In this fashion, 
between 4 and 12 months, the repair technique is sub-
jected to athletic exercise. If athletic exercise is not indi-
cated in the study design, horses can also be turned out 
into a pasture for free exercise as an alternative to high-
speed treadmill exercise. If second-look arthroscopies 
are performed (typically 4 months after the initial sur-
gery), horses are again confined to stall rest for 2 weeks 
until suture removal and then resume their prior exercise 
program.

Number of Horses to 
Sufficiently Power a Study
Different numbers of horses have been used in the studies 
cited throughout this review ranging from 6 to 12. The abil-
ity to use each horse as its own control by performing a 
repair procedure in one limb and using the opposite limb as 
a control or having 2 defects on the same trochlear ridge 
allows for the investigator to use statistical evaluations that 
account for interpatient variability, and therefore, fewer 
animals are required to achieve sufficient power.19,20 
Specific numbers in these previous studies have been based 
on power calculations. Power is going to change depending 
on the magnitude of difference between the compared treat-
ment groups and variability of pivotal outcome parameters. 
They in turn may be different depending on goals of par-
ticular studies.
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Study Duration

The length of a study will be dependent on the type of repair 
being evaluated and the goals of the study. Pilot studies will 
obviously be shorter than preclinical studies. In a study 
designed to investigate temporal IGF-I gene expression dur-
ing spontaneous repair of articular cartilage, horses were 
euthanized, and repair tissue was evaluated at 2, 4, 8, and 16 
weeks after surgery.14 A progressive decline in tissue cellu-
larity and vascularity and increased tissue organization were 
observed over the 16-week period, suggesting that early 
evaluation does not necessarily reflect long-term outcome. 
The importance of relatively long-term assessment is empha-
sized by one study.26 In this study, the effect of mesenchy-
mal stem cell implantation was evaluated, and although 
chondrogenesis appeared to be enhanced at arthroscopic assess-
ment at 1 month, there was no difference between treated 
and control defects at 8 months. Based on the collective expe-
riences of the authors, a minimal study duration of 8 months 
is suggested, and if evaluation of early repair is a study goal, 
then a second-look arthroscopy should be performed between 
3 and 4 months postoperatively.

Outcome Parameters
The extensive number of outcome parameters that can be 
utilized is a significant strength of using the equine model. 
Because of the relatively large size of defects that can be 
made in the horse, more outcome parameters can be mea-
sured on each repair response than is possible in other 
animal models. Potential assessments include clinical 
examination for lameness and synovial effusion as well as 
response to flexion; pretreatment and posttreatment radio-
graphs; MRI; synovial fluid and serum biomarkers; routine 
synovial fluid analysis; sequential arthroscopies; optical 
coherence tomography; gross postmortem examination; 
histopathological, histochemical, and immunohistological 
analyses; biochemical analysis for type II collagen/type I 
collagen as well as aggrecan and glycosaminoglycan con-
tent; real-time quantitative PCR evaluation for mRNA 
expression in the tissue; and biomechanical evaluation. In a 
study by Hidaka et al. in which biopsies were taken of repair 
tissue at 4 weeks and termination was at 8 months,25 the authors 
concluded that there were detrimental long-term implica-
tions for the repair tissue from biopsies.

To the authors’ knowledge, there are no comparative 
studies on the molecular, biochemical, or biomechanical 
similarities between animal models of cartilage repair and 
humans. Clearly, there will be differences between the 2 
species with different genetic signatures and locomotion 
patterns, with humans being bipedal and horses being qua-
drupedal, but this is simply a limitation of all domestic ani-
mal models of articular cartilage repair.

Advantages of Equine 
Femoropatellar and 
Femorotibial Models

Based on the studies presented above, the horse provides 
the closest approximation to humans in terms of articular 
cartilage and subchondral bone thickness, and it is possible 
to selectively leave the entire calcified cartilage layer or, on 
the other hand, completely remove it with certainty. The 
MFC model illustrates that it is possible to emulate MFC 
lesions in humans. One potential disadvantage of the MFC 
model is that if the subchondral bone plate is violated, sub-
chondral bone cysts can potentially develop,45,46 which 
might confound the results. Both the MTR and LTR loca-
tions can be used to generate 1 or 2 critically sized cartilage 
or osteochondral defects.

Other advantages of the equine model include an ability 
to use the arthroscope to create lesions and to perform second-
look arthroscopies. The advantages over other species also 
include more repair tissue for analysis and the ability to 
monitor patients clinically as well as with diagnostic imag-
ing, thereby allowing practical assessment of clinical 
response to repair techniques. Horses also get similar ortho-
pedic clinical diseases as humans, so clinical evaluation in 
naturally occurring diseases can be additive to the preclini-
cal research studies. In the opinion of the authors, the ability 
to have controlled exercise with horses is an advantage, 
both in the early rehabilitation stage and later to test the 
ability of the repair to cope with athletic exercise.

There is no perfect model for objectively evaluating the 
repair in human articular cartilage defects. However, the 
need for preclinical studies using animal models in evaluat-
ing a new technique for repair is important and mandated by 
licensing bodies. The authors believe that there has been a 
positive evolution of model selection from it being based on 
cost and convenience to more critically evaluating how well 
an animal model simulates the human situation. It is recog-
nized that some laboratories are content with small animal 
models and that these models will continue to be used. On 
the other hand, it needs to be recognized that complete 
removal of calcified cartilage with retention of a subchon-
dral bone plate is important to model the human clinical 
scenario, and this is not possible in some smaller animal 
models. The horse is a large animal and requires special 
animal care capabilities as well as expertise. However, 
because of the ability to do follow-up arthroscopic evalua-
tions, the increased amount of tissue for evaluation, and the 
fewer number of animals to have sufficient statistical power, 
the costs are necessarily disparate from studies with smaller 
laboratory animals. It is also important to recognize the 
need for long-term studies because of experience with fail-
ure between 8 and 12 months, both in quality of the tissue 
as well as integration. It should also be remembered that 
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one should strive for the closest approximation between 
preclinical research results in a given model and its extrap-
olation to the human situation9 and that the horse itself is 
also an end-goal animal for potential therapeutic cartilage 
repair.
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